This paper is devoted to deal with some mathematical and numerical aspects of the radiative integral transfer equations. First, the properties of the raidative integral operators are analyzed. Based on these results, the existence and uniqueness of solution to the radiative integral system is proved by the reversibility of operator matrix. Besides, the convergence analysis of an iterative scheme is also carried out. Then, boundary element method based on the collocation scheme is used to discretize the radiative integral system. Arbitrary enclosure geometry is considered. For the non-convex geometries, an element-subdivision algorithm is developed to handle with the integrals contained the visibility factor. Finally, examples are presented to verify the effectiveness and accuracy of our method.
The outline of this paper is as follows. In the second section, the formulations and some physical background of RITEs are presented. Follow that, the properties of four radiative integral operators are analyzed. Then the existence and uniqueness of the radiative integral formulae is proved based on the reversibility of operator matrix in section 3. In section 4, the convergence of an iterative scheme is proved based on the properties of the radiative integral operators with appropriate physical parameters. Also the boundary element method based on the collocation scheme is briefly described. In section 5, a new high-precision visibility algorithm is presented in detail. In section 6, two numerical examples on convex and non-convex domains are tested by using the aforementioned iterative scheme and boundary element method. Finally, the paper ends with some concluding remarks.
Operator expression of RITEs
Consider radiation transport in the bounded domain S . The boundary is assumed to be diffuse and gray. That is to say, the emissivity and absorptivity of the surface are independent of direction and wavelength of the radiation. Additionally, the medium in enclosure is homogeneous and isotropic.
Under the above simplifications, RITEs in an absorbing, emitting, and scattering medium can be written as follows [11] (2) where ,, (6) (7) and I denotes the identity operator. The properties of each operator will be examined in the next section separately.
Some mathematical results of RITEs
The integral system Eq. (4) is a coupled Fredholm integral system of the second kind. As is said in [24] , 'Existence and uniqueness of a solution to an operator equation can be equivalently expressed by the existence of the inverse operator.' So a way to establish existence and uniqueness of the system Eq. (4) is to prove the existence of the inverse operator of K . Naturally, the properties of operators (8) Proof. Let  be a sufficiently small number. Exclude an   neighborhood of p from V , and denote the remaining set by V  :
Let S denote the boundary of V  , and let S  denote the boundary of
cos cos cos cos cos cos . In conclusion, the proof is finished. In conclusion, the inequality (6) holds. As shown in [25] , 
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Then, we always have
With the help of above properties of the four operators, we are now in a position to prove the existence and uniqueness of solutions to Eqs. (4). . 0
Now, we only need to show the reversibility of the operator
Adopting the Neumann series theorem, we have     11 13 13 11 ,. 11 
According to the Neumann series theorem, the operator 
To sum up, we obtain that
The proof is finished. We note that the assumptions in Theorem 1 are satisfied in most situations. First, the theorem is valid for radiative heat transfer within black-body boundary or pure absorbing-emitting media. Besides, when the scattering coefficient is enough small, the theorem 1 is suitable for any situations with diffuse and gray boundary. For the situation with black boundary, the solvability of the RITEs in any semitransparent media is guaranteed by Theorem 1.
The iterative scheme and Numerical implementation
In order to simulate the coupled integral system involved in the radiative heat flux and the incident energy, an iterative scheme is constructed as (17) Then, the discretization of the boundary integral equations (13) (14) is carried out by using the standard boundary element discretization technique. First, the boundary bounding the domain under consideration is discretized to a set of plane elements denoted by   We can obtain the approximate system
where
exp ,
The enclosure contains an emitting-absorbing medium at a temperature of 1000K. The walls are black at 500 K. Fig. 6 shows the effect of absorbing coefficient of the medium on the predicted net radiative heat flux along the AA line. The present model uses 2200 boundary discrete elements. The comparison with the existing results is shown in Fig. 6 . From the results, the validity of present algorithm is verified. The proposed numerical procedure seems to be an attractive way of dealing with complex enclosure. The analysis of radiative transfer of multidimensional rectangular geometries has historically been associated with the design of combustion chambers and furnaces. This example refers to [26] . A cubic enclosure has unit length sides. All six walls of the cube are black. The scattering albedo of medium is equal to unity ( , A A C C and the average incident radiation at 12 BB . The numerical comparison is shown in Fig. 8-10 . CC . Figure. 9. Non-dimensional net radiative heat flux in x-direction along with 1 2 AA . Figure. 10. Non-dimensional net radiative heat flux in z-direction along with 1 2 BB .
The present model uses 1350 boundary elements and 1331 cuboid cells in the medium. From the comparative results, the present results are more identical to the references compared with the FVM.
Conclusions
Firstly, the properties of the four integral operators in RITEs are analyzed. Based on these results, the existence and uniqueness of solution to RITEs is proved and an iterative scheme, which is suggested for RITEs, is proved to be convergent. An improved high-precision visibility algorithm is developed to handle with non-convex domain. We also verify the effectiveness of scheme and the accuracy of algorithm by numerical examples. In consideration heavily used search operations in our algorithm, we are prepared to go further to improve efficiency of the method, which will be our future interest.
